PECIFICAT IO 
DECISION FEEDBACK EQUALIZER 



BACKGROUND OF THE INVENTION 
The present invention relates to a decision feedback equalizer 
for equalizing waveform distortion of a received signal affected by 
fading in radio wave transmission medium. 
5 In case of occurrence of fading in radio wave transmission 
medium, there may appear increase of intersymbol interference 
effected by transmission distortion and increase of noise effected 
by drop of receiving electric field intensity. The equalizer is 
useful for suppressing intersymbol interference, but not useful for 

10 suppressing interference, such as noise generated with no 
relation to any transmitted radio wave. Especially, in a decision 
feedback equalizer, it may be occurred that interference by noise 
increases affect to a main signal due to transfer of error data. 
This transfer of error will be described hereinafter. 

15 Although the decision feedback equalizer can suppress 
intersymbol interference by feeding back decided data, it has 
undesirable tendency such that errors increase by feeding back 
decision data in a case where the decision error rate is not 
negligible. It is now assumed that a symbol of a received signal 

20 is affected by waveform distortion and decision error appears in 
excess of the allowance of equalization function. In this case, 
decision error data are fed back through a feedback tap, and 
waveform equalization operation is carried out on the base of its 
decision error data for a next symbol. When waveform 

25 equalization operation is carried out on the base of the decision 
error data, decision error appears for waveform equalization 
operation of the next symbol in spite of non existence of noise. 
Since decision error is also fed back for each of further succeeding 
symbols, chain error reaction will be liable to appear. 
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As mentioned above, the decision feedback equalizer has a 
defect such that, since a decision error of a symbol caused by noise 
generated with no relation to any transmitted radio wave affects 
to a normal symbol not affected by noise interference because of 
5 the above mentioned feed back operation of decision data, 
transfer of error for causing the above mentioned chain error 
reaction will be liable to appear. 

SUMMARY OF THE INVENTION 
An object of the present invention is to provide a decision 
p 10 feedback equalizer capable of suppressing the above mentioned 

transfer of error by the use of small scale of circuitry. 
H? To attain the above object of the present invention, the decision 

*0 feedback equalizer of the present invention, for equalizing 

JS waveform distortion of a received radio wave affected by fading in 

q 15 any radio wave transmission medium of the received radio wave, 
2; comprising: 

£ impulse response estimating means for estimating an impulse 

M response of the radio wave transmission medium?" 

first waveform equalizing means for waveform equalizing the 
20 received wave, on the base of an intersymbol interference 
component corresponding to more than two symbol-delayed wave 
and an estimated intersymbol interference component 
corresponding to one symbol- delayed wave, by the use of an 
impulse response of the radio wave transmission medium 
25 estimated by said impulse response estimating means, thereby 
producing an equalized signal including an intersymbol 
interference component of one-symbol delayed wave, said 
intersymbol interference component corresponding to an 
estimated one symbol-delayed wave being produced by the use of 
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an intersymbol interference component corresponding to more 
than two symbol-delayed wave > 

second waveform equalizing means for waveform equalizing 
said equalized signal including an intersymbol interference 
5 component of one-symbol delayed wave, on the base of 
intersymbol interferences component corresponding to all the one 
symbol-delayed waves, by the use of the impulse response of the 
radio wave transmission medium estimated by said impulse 
response estimating means; 

10 area decision means for predicting, by deciding an existence 
area of a one symbol-preceding equalized signal, whether or not 
decision error appears because of noise interference, for carrying 
out area decision operation for each of respective equalized 
signals of instant symbol in a case where any appearance of 

15 decision error is predicted, and for generating three signals which 
are an equalized signal of the instant symbol presumed to be 
correct in its equalized signals, said decided data of the instant 
symbol obtained by demodulating the equalized signal, and 
decided data of the one preceding symbol employed for equalizing 

20 the just equalized signal, said decided data of the instant symbol 
being applied to said first waveform equalizing means to produce 
said estimated intersymbol interference component 
corresponding to one symbol-delayed wave** and 

means for producing the intersymbol interference component 

25 corresponding to more than two symbol- delayed wave by the use 
of the intersymbol interference component corresponding to more 
than two symbol-delayed wave in order to fed back the 
intersymbol interference component corresponding to more than 
two symbol-delayed wave to said first waveform equalizing 
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means. 

The existence area comprises decidable areas determined for 
detecting expansion of a signal point by noise and at least one 
uncertainty area determined for detecting certainty of presumed 
5 one symbol-preceding decided data. Each of said decidable areas 
can be an area where decided data is assumed to be correct since 
each of distance of the decided data from a corresponding proper 
signal point is smaller than a threshold value THi. Each of said 
decidable areas can be an area where decided data is assumed to 
10 be error since each of distance of the decided data from a 
corresponding proper signal point is larger than a threshold value 
TH 2 . 

The threshold values may be determined so that the 
threshold value THi is equal to the threshold value TH2. 
15 BRIEF DESCRIPTION OF THE DRAWINGS 

The present invention will be described in details below with 
reference to accompanying drawings, in which • 

Fig.l is a block diagram illustrating a receiver employed in an 
embodiment of the present invention? 
20 Fig.2 is a circuit diagram illustrating an example of a decision 
feedback equalizer employed in the embodiment illustrated in 
Fig.l; 

Fig.3 is a flowchart explanatory of the operation of an area 
decider employed in the decision feedback equalizer illustrated in 
25 Fig.2; 

Fig.4 is a signal area diagram explanatory of the principle of an 
area decider employed in the decision feedback equalizer 
illustrated in Fig.2; and 

Fig. 5 is a signal area diagram explanatory of the operation of 
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an area decider employed in the decision feedback equalizer 
illustrated in Fig.2. 

DETAILED DESCRIPTION 
With reference to Fig.l illustrating a receiver employed in an 
5 embodiment of the present invention, a received analog signal of 
QPSK received through an antenna 10 is frequency-converted to 
an analog-baseband IQ signal 111 in a down converter 11 and 
applied to an analog-digital (AD) converter 12. The 
analog-baseband IQ signal 111 is converted to a digital IQ signal 

10 112 in the AD converter 12. The digital IQ signal 112 is 
branched into two parts, one of which is applied to an impulse 
response estimator 13, and the other of which is applied to a 
decision feedback equalizer 14. 

In the decision feedback equalizer 13, the digital IQ signal 112 

15 is waveform-equalized and demodulated, on the base of an 
impulse response 113 of transmission medium, which is a 
transmission characteristic of the transmission medium 
estimated in the impulse response estimator 13, in order to 
produce received data 114. 

20 Fig.2 shows detailed circuitry of the decision feedback equalizer 
14. In Fig.2, an i-th digital IQ signal 112 produced from the AD 
converter 12 is pilot-coherent-detected by multiplying in a 
multiplier 20 with a conjugate number ho* corresponding to a first 
received signal in the impulse response 113 of transmission 

25 medium to produce a pilot coherent detected signal 120. This 
pilot coherent detected signal 120 is subtracted in a subtracter 21 
by an intersymbol interference replica 125 corresponding to more 
than two symbol-delayed wave to produce an equalized signal 121 
only having an intersymbol interference replica of one 
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symbol" delayed wave. This equalized signal 121 only having an 
intersymbol interference replica of one symbol-delayed wave is 
branched into two parts, which are respectively applied to a 
waveform equalizer 22, which equalizes the intersymbol 
5 interference replica of one symbol- delayed wave provided from 
decided data of one symbol- delayed wave, and a waveform 
equalizer 23, which equalizes all the predictive patterns of the 
decided data of one symbol-preceding wave. 

In the waveform equalizer 22, an intersymbol interference 

10 122-2 of the one symbol delayed wave is produced by weighting in 
a multiplier 22-2 decided data a i _ 1 22-l of the one symbol delayed 
wave with a product hiho* of a component hi corresponding to the 
one symbol delayed wave in the impulse response 113 of 
transmission medium and the conjugate number ho* 

15 corresponding to the first received signal. The equalized signal 
121, only having an intersymbol interference replica of one 
symbol- delayed wave and applied to the waveform equalizer 22, is 
equalized to an equalized signal 122, from which intersymbol 
interference is suppressed, by subtracting in a subtracter 22-3 the 

20 intersymbol interference replica 122-2 of one symbol-delayed 
wave. 

Accordingly, the subtracter 21 and the waveform equalizer 22 
composes the first waveform equalizer for waveform equalizing 
the received wave, on the base of the intersymbol interference 
25 replica 125 corresponding to more than two symbol-delayed wave 
and an estimated intersymbol interference component 
corresponding to one symbol- delayed wave, by the use of an 
inpulse response 113 of the radio wave transmission medium 
estimated. 
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In the waveform equalizer 23 corresponding to the second 
waveform equalizer, intersymbol interferences 23-1,23-2,23-3 and 
23-4 of the one symbol delayed wave are produced in each of 
multipliers not shown by weighting all the predicted patterns - 



of the one symbol delayed wave with a product hiho* of a 
component hi corresponding to one symbol delayed wave in the 
impulse response 113 of transmission medium and the conjugate 
number ho* corresponding to the first received signal- The 

10 equalized signal 121, only having an intersymbol interference 
replica of one symbol-delayed wave and applied to the waveform 
equalizer 23, is equalized to equalized signals 123*1-123-4, from 
which intersymbol interference is suppressed, by subtracting in 
respective subtracters 231,232,233 and 234 the intersymbol 

15 interference replicas 23-1,23-2,23-3 and 23-4 of all the one 
symbol-delayed waves predicted. 

In an area decider 24, a signal space is separated, with 
reference to threshold value THi (or TH2 ), into two kinds of areas 
as shown in Fig.4. One of the two kinds of areas is each 

20 decidable area with hatching, which is positioned near each 
proper signal point of dark small circle. The other of the two 
kinds of areas is each uncertainty area, which is positioned apart 
from each signal point of dark small circle. Each decidable area 
is to have a circle with respect to a center signal point. However, 

25 since decision operations are carried out by measuring a 
distance between each equalized signal and the proper signal 
point, the above circle area principle causes unpractical 
complexity of employed circuitry. To avoid these unpractical 
complexity of employed circuitry, each decidable area is 
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approximated to a square shape. In a case where the decidable 
area is approximated to a square shape as shown in Fig.5, the 
employed circuitry can be simplified since the decision operation 
is carried out for each I,Q component. The following operations 
5 of the area decider 24 are described in case of adoption of the 
decidable area of square shape. 

An equalized signal is selected in accordance with later 
described routine from a group of equalized signals 122, 
123-1-123-4 of received i-th symbol to produce an equalized 

o 10 signal of i-th symbol, decided data 124-1 of i-th symbol and 

g decided data 124-3 of (M)- th symbol. 

2 The decided data 124-1 of i-th symbol obtained from the area 
O decider 24 is branched into two parts, one of which is provided for 
p received data 114, while the other is applied to a register 22-1 to 

3 15 be employed as decided data of a one symbol-preceding wave at a 
?! just succeeding symbol. The decided data 124-3 of 0>l)- th 
3 symbol is applied to a shift register 27 to be stored for symbol 
* period for decided data a^, , ,, 

Decided data ai-2 , ,decided data ai-L are weighted, at 

20 multipliers 26 in a weighting circuit 29, with products h2ho*,...., 
h2ho* of components I12 ~ Iil corresponding to the two symbol 
delayed wave in the impulse response 113 of transmission 
medium and the conjugate number ho* corresponding to the first 
received signal, and then combined in an adder 25 to produce the 
25 intersymbol interference replica 125 of two symbol delayed wave. 

With reference to a flow chart illustrated in Fig. 3, operations of 
the area decider 24 shown in Fig.2 will now be described. 

30- area decision I (threshold level THi) 

In this step (30), an area decision operation is carried out for an 
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equalized signal of ( i-l)-th symbol, to decide an existence area 
of the ( i-l)-th symbol. 

31* determination of area decision for ( rl)-th symbol 
This step (31) is carried out in a case where a signal point of the 
5 equalized signal of ( i-l)-th symbol exists in a decidable area at 
the step (30). Since it is assumed that the decided data of 
( i-l)-th symbol is correct, this decided data of ( i-l)-th symbol is 
determined as the decided data of ( i-l)-th symbol for an 
equalized signal 122. 
10 32: area decision II (threshold level TH2) 

This step (32) is carried out in a case where a signal point of 
the equalized signal of ( i-l)-th symbol exists in an uncertainty 
area at the step (30). Since it is assumed that the decided data of 
( i-l)-th symbol is error, the decision operation is carried out for 
15 an i-th symbol of an equalized signal 123-1 to decide an existence 
area of the i-th symbol. 

33: update of area decision for ( rl)-th symbol 
This step (33) is carried out in a case where a signal point of the 
equalized signal of ( i~l)-th symbol exists in a decidable area at 
20 the step (32). Since it is assumed that the decided data of 
( i-l)-th symbol is correct, this decided data of ( i-l)-th symbol is 
updated and determined as the decided data of ( i-l)-th symbol 
for an equalized signal 123-1. 

34: area decision II (threshold level TH2) 
25 This step (34) is carried out in a case where a signal point of 

the equalized signal of ( i-l)*th symbol exists in an uncertainty 
area at the step (32). Since it is assumed that the decided data of 
( i-l)-th symbol of an equalized signal 123-1 is error, the decision 
operation is carried out for an i-th symbol of an equalized signal 
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123-2 to decide an existence area of the i-th symbol. 
35' update of area decision for ( i-l)-th symbol 
This step (35) is carried out in a case where a signal point of the 
equalized signal of i-th symbol exists in a decidable area at the 
5 step (34). Since it is assumed in this case that the decided data of 
( i-l)-th symbol is correct, this decided data of ( i-l)-th symbol is 
updated and determined as the decided data of ( rl)-th symbol 
for an equalized signal 123-2. 

36- area decision II (threshold level TH2) 
10 This step (36) is carried out in a case where a signal point of 
the equalized signal of i-th symbol exists in an uncertainty area at 
the step (34). Since it is assumed in this case that the decided 
data of ( i-l)-th symbol of an equalized signal 123-2 is error, the 
decision operation is carried out for an i-th symbol of an equalized 
15 signal 123-3 to decide an existence area of the i-th symbol. 
37> update of area decision for ( i-l)-th symbol 
This step (37) is carried out in a case where a signal point of the 
equalized signal of i-th symbol exists in a decidable area at the 
step (36). Since it is assumed in this case that the decided data of 
20 ( i-l)-th symbol is correct, this decided data of ( i-l)-th symbol is 
updated and determined as the decided data of ( i-l)-th symbol for 
an equalized signal 123-3. 

38- area decision II (threshold level TH2) 

This step (38) is carried out in a case where a signal point of 
25 the equalized signal of i-th symbol exists in an uncertainty area at 
the step (36). Since it is assumed in this case that the decided 
data of ( i-l)-th symbol of an equalized signal 123-3 is error, the 
decision operation is carried out for an i-th symbol of an equalized 
signal 123-4 to decide an existence area of the i-th symbol. 
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39' update of area decision for ( i-l)-th symbol 

This step (39) is carried out in a case where a signal point of the 
equalized signal of i-th symbol exists at a decidable area at the 
step (38). Since it is assumed in this case that the decided data of 
5 ( i-l)-th symbol is correct, this decided data of ( i-l)-th symbol is 
updated and determined as the decided data of ( i-l)-th symbol for 
an equalized signal 123-4. 

40' determination of area decision for ( i-l)-th symbol 

This step (40) is carried out in a case where signal point of all 
10 the equalized signals of i-th symbol obtained by assuming all the 
decided patterns of decided data of ( i-l)*th symbol exists in an 
uncertainty area at all the steps (32, 34, 36 and 38). Since there 
is no decided data of ( i-l)-th symbol assumed to be correct, the 
decided data of ( i-l)-th symbol is determined as the decided 
15 data of ( i-l)-th symbol for an equalized signal 122. 

41- equalized signal of i-th symbol/decided data of ( i-l)-th 
symbol 

An equalized signal 124-2 obtained on the base of the 
determined decided data 124-3 of ( i-l)-th symbol and the 
20 determined decided data 124-3 of i-th symbol is provided. 

42- decided data of rth symbol 

A decided data decided from the equalized signal 124-2 of i-th 
symbol obtained on the base of the determined decided data 124-3 
of ( i-l)- th symbol is provided. 
25 The threshold values THi and TH2 employed at the area 

decision I and II are boundaries for separating the following 
conditions, which include a condition" THi = TH2 : 

THi- detects expansion of a signal point by noise; and 

TH2 : detects certainty of presumed one symbol-preceding 
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decided data. 

As mentioned above with reference to Figs.2 and 3, the decision 
feed back equalizer of the present invention is so constructed that 
the following-described two feed back routines are provided for 
5 one symbol-preceding decided data; that correctness or error of 
one symbol-preceding decided data is presumed from a result of 
area decision for one symbol-preceding equalized signal; and that 
one of the two feed back routines is selected. 

More particularly describing, the signal space is separated into 

10 decidable areas and uncertainty areas in the present invention. 
Each of decidable areas is an area where a distance between any 
point in the decidable area and the signal point is small . Each 
uncertainty areas is an area where a distance between any point 
in the uncertainty area and the signal point is large. In a case 

15 where the one symbol-preceding equalized signal exists in a 
decidable area, since a distance between any point in the 
decidable area and the signal point is small and the one 
symbol-preceding decided data is presumed to be correct, the 
decided data is fed back. One the other hand, in a case where 

20 the one symbol-preceding equalized signal exists in an 
uncertainty area, since a distance between any point in the 
uncertainty area and the signal point is large, the one 
symbol-preceding decided data are presumed to be error, the 
decided data are not fed back, while the one symbol-preceding 

25 decided data is so selected from all the predicted 
symbol-preceding decided data that the instant equalized data 
exists in the decidable area. The decided data selected is fed 
back. 

As precisely mentioned above, the signal space is separated 
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into decidable areas and uncertainty areas in the present 
invention. In a case where the one symbol-preceding equalized 
signal exists in an uncertainty area, the one symbol-preceding 
decided data are not fed back, while the one symbol-preceding 
5 decided data is so selected that the instant equalized data exists 
in a decidable area. Accordingly, transfer of error can be 
suppressed by the use of small scale of circuitry in accordance 
with the present invention. 
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